Introduction
The analysis of acoustic scattering is an important tool for object identification. It has applications among nondestructive evaluation, medical imaging or underwater acoustics. The D.O.R.T. method is a new approach to scattering analysis that was developed since 1994 and is applied to detection and focusing through non-homogeneous media [1] . This paper presents the application of the D.O.R.T. method to the analysis of scattering by elastic cylinders. We derive an expression for the array response matrix K in two dimensions for the case of a linear array in a fluid medium scattering acoustic energy from an elastic cylinder. The singular value decomposition (SVD) is applied to K to determine the number of eigenstate of the time reversal operator (TRO) generated by the cylinder. We use the approach found in recent analyses of time reversal for spheres [2] . We develop the theory for a discrete array at a single frequency ω.
Then experimental results for thin steel and nylon cylinders are shown. We show that the analysis of singular values and singular vectors of the transfer matrix K offers the possibility to characterize cylinders of sub-wavelength diameter.
Theory
First of all, an array of N transmit-receive transducers insonifying a scattering medium is considered as a linear, time-invariant system of N inputs and N outputs. It is characterized at each frequency ω by the array response matrix is K(ω). The matrix K * (ω)K(ω) is called the Time Reversal Operator, TRO. Its eigenvectors can be interpreted as invariants of the time reversal process, and they also are the singular vectors of the array response matrix. 
Experimental results
Experiments have been carried out in a water tank on steel and nylon cylinders of diameters lying between 0.2 and 0.5 mm. The transducer array has 96 elements with central frequency 1.5 MHz and the array pitch is 0.5 mm. For each experiment, the distance F between the wire and the array is 50 mm. As the cylinder diameters are less than half a wavelength, they have a low scattering power. In order to get a reasonable signal to noise ratio we used the HadamardWalsh basis to acquire the array response matrix. This emission basis is very convenient and increases the signal level by a factor of N , N being the number of elements.
For comparison to experimental results, the simulation also takes into account the frequency response on transmit and receive, the directivity and the reception level of each transducer element. 
Conclusion
Initially, the DORT method was used assuming a one to one correspondence between point like scatterers and eigenmodes of the TRO. Here, we have shown that a subwavelength elastic cylinder is associated with at least three singular vectors and singular values. The singular vectors are linear combination of normal modes projected onto the array. Experimental results show the multiple singular values for subwavelength scatterers. Three different scatterers are compared. Experimental results are in good agreement with theory when several partial waves where taken into account. Different behavior of nylon and steel are clearly shown. For the steel cylinders, the second eigenvalue was much smaller than the first and contributed little to the scattering. For the nylon cylinders, the second eigenvalue was significant but was generated by a combination of the monopole and quadrupole terms. The dipole term was negligible since the density constrast was small. These results show how the material properties of the cylinder affect the decomposition of the TRO. This opens a new approach to target characterization and the inverse problem based on analysis of the TRO.
